CASE REPORT
===========

A 61-year-old Caucasian man sought medical care complaining of colicky hypogastric pain accompanied by nausea and hyperdefecation over the past 2 days. The initial clinical evaluation was unremarkable except for mild hypertension. The patient denied any previous diagnosis, but was a tobacco smoker of 10 packs/year. The clinical complaint worsened in the hours after admission with vomiting and fever despite the administration of painkillers, scopolamine, and metoclopramide concomitant with the rise in blood pressure. A few hours after admission, the patient presented a decreased level of consciousness accompanied by cold extremities, tachycardia, and severe hypotension (blood pressure of 50/30 mmHg). The cardiac, pulmonary examination results were average, but the abdomen was diffusely tender, and a crural hernia was easily reducible. Rectal examination was normal, and the patients\' clinical status improved with saline volume resuscitation. Laboratory work-up showed normocytic normochromic anemia (hemoglobin: 7.8 g/dL; reference value \[RV\]: 13-15 g/dL), a normal remaining blood cell count, hyperglycemia (glucose: 276 mg/dL; RV: \< 100 mg/dL), prolonged prothrombin time (INR = 1.69; RV: 1.0), and metabolic acidosis (pH = 7.26 with HCO3 = 12 mEq/L; RV: 14 mEq/L). Electrolytes, renal function tests, amylase, lipase, liver enzymes, and myocardium necrosis markers were normal. The electrocardiogram showed sinus tachycardia. The multidetector abdominal computed tomography showed, in the arterial phase, the presence of a hyperattenuating fluid in the epiplon retrocavity ([Figure 1A](#g01){ref-type="fig"}) peripancreatic regions, and within the free abdominal cavity, consistent with intra-abdominal hemorrhage ([Figure 1A, B](#g01){ref-type="fig"}). The angiographic study showed signs of small- and medium-sized vessels arteriopathy. Several branches of the celiac trunk, and the superior and inferior mesenteric arteries, showed diffuse caliber reduction, contour irregularity associated with narrowing and dilation, as well as segmental thrombosis. Saccular aneurysms were also found in the branches of both renal arteries close to the hilum and in the medium colic artery that emerged from the celiac trunk, which was most likely the origin of the hemoperitoneum. Active bleeding signs were not identified during the tomographic examination ([Figure 1C, D](#g01){ref-type="fig"}; [Figure 2](#g02){ref-type="fig"}).

![Computed tomography of the abdomen. **A** and **B** - Axial plain showing a hematoma (H) in the epiplon retrocavity, and free liquid (fl) in the peritoneal cavity; **C** and **D** - Involvement of the medium sized splanchnic arterial bed with an aneurysm in the medium colic artery (arrow in C) and narrowing of the left colic artery by thrombosis and dissection (arrow in D). L = liver; S = spleen; UB = urinary bladder.](autopsy-06-03007-g01){#g01}

![3D reformation of the computed tomography of abdomen showing the involvement of the small and medium sized splanchnic vascular bed with marked narrowing of the celiac trunk branches and superior mesenteric artery. In the central figure, small aneurysms are shown with the white arrows, and the medium colic artery aneurysm is shown with a black arrow. Note that the aorta and iliac arteries are free of lesions.](autopsy-06-03007-g02){#g02}

Despite the adopted supportive measures, the clinical status rapidly deteriorated, and the patient was submitted to an exploratory laparotomy, which evidenced a huge hemoperitoneum (up to 3 L of bloody effusion in the abdominal cavity) along with a huge hematoma in the infrapancreatic region (involving the body and the tail of the pancreas), and in the Treitz angle. After releasing the colonic splenic angle, active bleeding was depicted from arteries that could not have their origin precisely identified. Artery ligation was attempted, but the patient presented a cardiac arrest during the surgical procedure, which was promptly reversed with cardiac massage. Supposedly to stop the bleeding, surgical dressings were left in the cavity, and the surgical wound was sutured. Although the patient received a transfusion of a significant volume of blood components, and an infusion of vasoactive drugs, he died 5 hours after the surgical procedure.

AUTOPSY FINDINGS
================

An autopsy was performed a few hours after the patient\'s death. Upon inspection, the abdomen was moderately distended, and blood easily leaked from the surgical suture upon manipulation. The abdominal cavity showed a huge hemoperitoneum with surgical dressings soaked in blood. An extensive hematoma up to 1000 mL affected the pancreas, duodenal wall, left kidney, left adrenal gland, spleen, diaphragm, mesentery, and mesocolon ([Figure 3A](#g03){ref-type="fig"}). A small ruptured and sutured aneurysm was detected at the distal site of the middle colic artery ([Figure 3B](#g03){ref-type="fig"}). The hematoma and local splanchnic vessels were sampled for histology. The kidneys and liver looked anemic due to massive intra-abdominal hemorrhage. The aorta showed some uncomplicated atherosclerotic plaques (mild atherosclerosis) and a normal diameter, without dissection or aneurysm. The heart showed moderate left ventricular hypertrophy (2.0 cm), and the coronary and cerebral arteries showed only mild atherosclerosis.

![**A** - Gross aspect of abdominal hematoma upon autopsy; **B** - Clot and surgical suture of the middle colic artery (arrow).](autopsy-06-03007-g03){#g03}

On histologic examinations, acute arterial dissection was observed along the sampled middle colic artery. The ruptured aneurysm showed medial defects, such as a detachment of the adventitia from the outer media (gap-aneurysm) and accompanying dissecting hematoma, with fibrin deposition, hemorrhage, and necrosis. Dissection of the hematoma showed areas of internal elastica loss, and areas of expansion and compression of the adventitia ([Figure 4](#g04){ref-type="fig"}). Areas of preserved medial muscle of the artery showed vacuolar change with membranous residues, apoptotic figures, and micro hemorrhages ([Figure 5](#g05){ref-type="fig"}). Areas of thrombosis were seen amidst the interstitial hematoma. These findings were consistent with segmental arterial mediolysis in the injurious or acute phase.

![Photomicrography of the medium colic artery. **A** - Ruptured aneurysm with detachment of the adventitia (arrows) from the outer media (gap-aneurysm \[asterisk\]) with fibrin (F) and partial necrosis of the media (M) (H&E, 12.5X); **B** - Dissecting hematoma (asterisk) in the distal segment expansion, and compression of the adventitia (arrow) (H&E, 12.5X); **C** and **D** - Gap and rupture of the media (M) with areas of internal elastica (white arrow) loss. (C = H&E, 200X; D = Verhoeff, 12.5X original magnification).](autopsy-06-03007-g04){#g04}

![Photomicrography of the medium colic artery. **A** - Vacuolar change in smooth muscle cells of the media layer (H&E, 200X); **B** - Vacuolar change, apoptotic cell (arrowhead) and micro hemorrhages (arrows) in the interface between the outer media and adventitia (A) (H&E, 400X).](autopsy-06-03007-g05){#g05}

Additionally, the left renal artery showed a medial gap in a chronic phase with fibromuscular thickening of the media, and adventitial fibrosis and thickening ([Figure 6](#g06){ref-type="fig"}), while branches of the right renal artery showed focal medial muscle vacuolization and apoptosis. The splenic artery showed eccentric adventitial fibrosis and mild intimal thickening. The inferior mesentery showed atherosclerotic intimal thickening. Curiously, as a microscopic autopsy finding, a couple of bronchial artery branches showed fibromuscular thickening, which was similar to the medial hyperplasia pattern described in fibromuscular dysplasia. The findings in the renal and splenic arteries were interpreted as healing or a chronic phase of segmental arterial mediolysis.

![Photomicrography of the left renal artery branch. **A** - Healed gap (asterisk) between media and adventitia with fibromuscular thickening and adventitial fibrosis (H&E; 12.5X); **B** - Detail of the fibromuscular gap (Masson's trichrome; 100X); **C** - Dilated portion of the left renal artery (aneurysm) showing intimal medial fibrous hyperplasia (asterisk) and adventitial (A) fibrosis (H&E; 12.5X); **D** - Same artery as in image A. Healed phase of SAM showing a gap between internal (fragmented and duplicated) and external elastica membranes (Verhoeff\'s Van Gieson stain; 12.5X).](autopsy-06-03007-g06){#g06}

Capillary and arteriolar sclerosis (arteriolosclerosis) were observed in the spleen and the small vessels of the kidneys, and were attributed to arterial hypertension. Ischemic signs of systemic shock were observed in the central nervous system (CNS), kidneys, and gastrointestinal tract.

DISCUSSION
==========

Descriptions on artery diseases dated from the 2nd century AD when the Greek surgeon Antyllus gave a clear description of the aneurysm and its potential for rupture.[@B001] Even though it is not documented, Ruffer[@B002]^,^[@B003] claimed that arterial degenerative diseases were prevalent amongst the Egyptians. Although preceded by many scholars, the founder of cardiovascular pathology--Giovanni Maria Lancisi (1654-1720)--began to study aneurysms more precisely, as shown in his work entitled "*De Motu Cordis et Aneurysmatibus,*" which was posthumously published in 1728.[@B004] Nevertheless, the history of aneurysms includes additional works by William and John Hunter, Morgagni, Rokitansky, and Virchow, which further contributed to the knowledge of the pathophysiology of arterial diseases.[@B003]

Arterial diseases have been well studied; however, this knowledge is continuously growing, and new arterial diseases are still being described. In 1976, Slavin and Gonzales-Vitale[@B005] first described the "segmental mediolytic arteritis," from studying three autopsied patients with arterial lesions in the abdominal muscular arteries characterized by either partial or total mediolysis, linear deposition of fibrin between the media and adventitia, and variable inflammatory infiltrate. This entity was further named segmental arterial mediolysis (SAM) because of the scarcity of the inflammatory findings. According to the original description, mediolysis is responsible for the development of arterial gaps, which become sites prone to dissecting aneurysms, or arterial luminal occlusion. Massive life-threatening intra-abdominal or retroperitoneal hemorrhage, splanchnic ischemia, or organ injury are the results of such arterial disease.

From 1976 to 2012, 85 cases of SAM were compiled and systematically reviewed by Shenouda et al.,[@B006] which showed that SAM occurred mostly in the sixth decade of life with a slight predominance among men (male:female ratio is 1.5:1), and that systemic arterial hypertension was the unique associated comorbidity (found in 21% of the cases). Inada et al.[@B007] showed the mortality rate of 50% associated with aneurysm rupture.

The case reported herein fulfilled the epidemiological and clinical features of SAM. Despite the multiple aneurysms presented in our patient\'s imaging studies, the ruptured aneurysm was of the middle colic artery, which is frequently found in descriptions of the literature. Along with the involvement of the abdominal arteries, SAM is also described in the CNS (mostly in the internal carotids and vertebral arteries), renal arteries, aorta, and iliac arteries. The celiac trunk, splenic artery, hepatic artery (commonly, or its branches), middle colic artery, and gastroepiploic artery are the most involved abdominal vessels, in descending order of appearance.[@B006]^,^[@B007] The involvement of the pericardial arteries has been reported in neonates, children, and young patients.[@B008]^-^[@B011] In one-third of cases, multiple arterial lesions are observed mostly within the abdominal cavity,[@B007]^,^[@B011] and the simultaneous involvement of the CNS and splanchnic arteries also has been reported.[@B012]^,^[@B013] Although incidentally diagnosed, asymptomatic cases have been reported, and subclinical presentation cases are suspected, the clinical features of SAM are mainly characterized by abdominal pain, abdominal distension, and shock, which are followed by neurologic symptoms.[@B006]^,^[@B007]^,^[@B014]^-^[@B016] Our patient presented imaging evidence of different phases of SAM; therefore, we deduced that the disease may have previously started without symptoms. At the time of the middle colic artery's dissection and rupture, the patient\'s complaint became disabling. It is probable that the initial episode of pain and intestinal habit alteration was due to the involvement of the left colic artery, which was revealed as entirely altered at the imaging examination.

Based on the morphologic changes, Slavin[@B017] proposed that SAM is a vasospastic disorder due to hyperdense areas of alpha-1 adrenergic receptor on the membrane of the arterial medial smooth muscle cells. The hyperactivation of the muscle fibers promotes a cytoplasmic Ca^+^ overload with consequent mitochondrial dysfunction, mediolysis, and/or apoptosis easing the detachment of the outer media from the adventitia. Nonetheless, the association of some cases of SAM with autoimmune diseases (e.g. systemic lupus erythematosus, Crohn\'s disease, Grave\'s disease, thyroiditis, and the presence of immunoglobulin G (IgG), IgM and the demonstration of the presence of complement's components in the affected vessel wall, also favor the possibility of an immunological mechanism in the pathogenesis of SAM.[@B018]^-^[@B021] The clinical history in the present case did not show evidence of any administered sympathomimetic drugs, weight-reducing or muscle-building agents that could trigger an abnormal adrenergic response. However, this hypothesis cannot be ruled out due to the acute presentation and the limited clinical data.

The diagnosis of SAM relies on angiographic and histologic findings. The angiographic findings overlap with inflammatory vasculitis and collagen diseases, and include arterial dilation, single or multiple aneurysms, arterial stenosis, dissecting hematomas, and arterial occlusion.[@B007]^,^[@B014]^,^[@B016] Histologic features include an acute injurious phase and a reparative phase. The initial lesion or mediolysis occurs in segments of the arterial bed. It is caused by cytoplasmic vacuolization of a circumferential sector or the entirety of the outer media smooth muscle cells that may evolve to the whole media, preserving the intima and internal elastica. This pattern of injury, when healed after granulation tissue repair, renders stenosis very similar to the histologic findings of fibromuscular dysplasia (FMD). Mediolysis may also be accompanied by the loss of the intima, and internal elastica, forming arterial gaps with subsequent saccular or fusiform aneurysms development. These aneurysms can rupture or resolve, depending on their size. Nevertheless, a dissecting aneurysm also may arise at the intact arterial wall of the gap, continuing the dissection between the outer media and the adventitia.[@B016] These injury phases may be found concomitantly in different arteries or in different segments of the same vessel in the first weeks of bleeding.[@B016] Our patient\'s histologic findings were consistent with the diagnosis of SAM. Unfortunately, the sampling of many other abdominal arteries for histology and pathologic examination was limited by the huge abdominal hematoma, although some of the main branches could be examined. Crucially, we managed to demonstrate the acute and chronic injurious phases of SAM in the sampled arteries.

The differential diagnosis of SAM depends on the phase of the arterial lesions and includes cystic medial necrosis; systemic and inflammatory vasculitis (e.g. polyarteritis nodosa, Behçet syndrome); mycotic aneurysm; collagen vascular diseases (e.g. Ehler-Danlos syndrome); splanchnic atherosclerotic aneurysms; and FMD.[@B022] Each one has its typical clinical or histologic features that permit their differentiation in most cases. The epidemiological, clinical, and histologic features presented by our patient were not consistent with any of the aforementioned diagnostic possibilities. Some cases diagnosed in the advanced stage of the reparative phase of SAM may show close similarity with FMD. However, these two entities exhibit different ages of onset, sex, distribution of the affected arteries, and clinical symptoms. In our case, we could evidence all the phases of SAM in different vascular beds.[@B023] We dared to consider the pulmonary, renal, and splenic arterial findings (which resembled an FMD lesion) as an advanced reparative phase of SAM in the lung, which widened the spectrum of arterial involvement of our case to the bronchial vessels. In a recent review, Kim et al.[@B024] found 101 cases of SAM in a total of 76 studies, with 22% of SAM-related mortality and very rare involvement of arteries outside the abdomen.

Our case set great store by the autopsy in revealing this uncommon diagnosis. Without the autopsy study, it is likely that this case would have been interpreted as an atherosclerotic splanchnic aneurysm, and the extension to the lung and spleen would not have been detected. We also call attention to this diagnostic possibility and strongly advise the angiographic study in older patients with abdominal pain of an unknown cause.
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